Selection of Waste Disposal Firms Using Grey Theory Based Multi-criteria Decision Making Technique  by Thakur, Vikas & Ramesh, A.
 Procedia - Social and Behavioral Sciences  189 ( 2015 )  81 – 90 
Available online at www.sciencedirect.com
ScienceDirect
1877-0428 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientific committee of XVIII Annual International Conference of the Society of Operations 
Management (SOM-14).
doi: 10.1016/j.sbspro.2015.03.202 
XVIII Annual International Conference of the Society of Operations Management (SOM-14) 
Selection of Waste Disposal Firms Using Grey Theory Based 
Multi-criteria Decision Making Technique 
Vikas Thakura *, A. Rameshb 
aResearch Scholar, Department of Management Studies, Indian Istitute of Technology, Roorkee-247667, India 
bAssistant Professor, Department of Management Studies, Indian Institute of Technology, Roorkee-247667, India  
Abstract 
In developing countries, very few methods of medical disposal and treatments are used which lead to adverse impacts to 
public health. In healthcare facilities, the issue of infectious waste generated has become the big concern today for hospital 
authority. To ensure the proper disposal of the medical wastes has become the big challenge for the hospital waste management 
and they think that to outsource the waste disposal process is the best option. Hence, to ensure the proper hygiene environment and 
to minimize the cost of operations, the trends in outsourcing the waste disposal process is increasing. But, outsourcing process is 
not easy for the hospitals authorities as it is very difficult to select the best waste disposal firm, which takes care of all the 
government regulations and at the same time is cost effective.  
Since selection of healthcare waste disposal firms is based on the evaluation of various attributes of each alternative, 
therefore this problem is a multi-attribute decision-making (MADM) problem. Till now, so many methods like analytical hierarchy 
process (AHP); analytical network process (ANP); data envelopment analysis (DEA); fuzzy theory; mathematical programming, 
etc. have been used by various researchers to select the best alternate out of the available choices. The above-mentioned techniques 
either used the precise values of the attributes or in terms of membership functions. However, in case of uncertainty these techniques 
failed to implement. Hence, this paper reports the implementation of grey theory to choose the appropriate healthcare waste disposal 
firm with uncertain information. This paper proposed a MADM model based on grey theory to select the optimal waste disposal 
firm and finally, the proposed model has been applied to select the best healthcare waste disposal firm. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
    In healthcare facilities, the issue of infectious waste generated has become the big concern today for hospital authority. Today 
to ensure the proper disposal of the medical wastes has become the big challenge for the hospital waste management and they think 
that to outsource the waste disposal process is the best option. Since, the medical waste disposal is very costly process for the 
hospitals, so every institution wants to cut the cost of operations. Now hospitals have either started to use hygienic equipment or 
outsource the waste disposal process. According to Hsu et al., 2008 around 62% of all public and 76% of all private hospitals don’t 
do the disposal process in-house, rather outsource to some waste disposal firm. According to Ho, 2011 by outsourcing the medical 
waste disposal, we can save the cost of building the waste disposal sites and personal costs as well and help in reducing the risk, 
which may be associated with the disposal of infectious waste. Therefore, to collect the waste in a proper way and safely transport 
it to some outsourced firm, is only required from the hospitals authorities. Hence, to ensure the proper hygiene environment and to 
minimize the cost of operations, the trends in outsourcing the waste disposal process is increasing. The medical institutions are 
used to select their waste disposal partner depending upon their price or experience. But, outsourcing process is not easy for the 
hospitals authorities as it is very difficult to select the best waste disposal firms, which takes care of all the government regulations 
and at the same time is cost effective. However, such a decision-making may be harmful for the healthcare facility, so it becomes 
very important for the hospitals to select the firms using proper model. The present paper propose a model for waste disposal firm 
selection based on grey theory approach under uncertain information. 
2. Literature review 
    In developing countries, very few methods of medical disposal and treatments are used which lead to adverse impacts to public 
health. Literature lacks the study of selecting the best alternatives of medical waste disposal in Indian healthcare industry and their 
influence on the public health. The use of outdated and inappropriate techniques for the waste disposal in the developing countries 
has brought about variety of concerns in the field of healthcare waste disposal. Diaz et al., 2005 highlighted the adverse impact of 
these unsuitable techniques of waste disposal to the general public, employees, and to the environment. Diaz et al., 2005 in his 
study focused on the treatment and disposal of HC waste in the developing countries. They evaluated the various treatment methods 
like: autoclave; microwave; chemical disinfection; combustion and disposal on the ground (dump site, controlled landfill, pits, and 
sanitary landfill methods in the management of infectious waste. Alhumoud and Alhumoud, 2007 stressed on the hospital solid 
waste management and they collected the data of waste generation and focused on the various activities like: segregation, collection, 
storage, transportation, and final disposal in some government hospitals of Kuwait. Dursun et al., 2011 in their study evaluated the 
various waste disposal alternatives and presented a fuzzy multi-criteria group decision making framework for evaluating HC waste 
treatment alternatives by using the criteria like: economic, technical, environmental and social for Istanbul.  
For the evaluations of the waste disposal firms Ho, 2011 proposed the method for medical and HC institutions for selecting the 
waste disposal firms with more objectively and systematically. Abor, 2012 done his case study in Ghana on the segregation and 
treatment of healthcare waste and focused on the various elements in the waste management process like: segregation of the waste; 
storage and transportation to treatment & disposal sites; treatment and then final disposal. Jiang et al., 2012 stressed on the 
techniques for medical waste treatment in China and gave the combined approach for medical waste incineration disposal best 
available techniques and exposed the problems like: continuous operation, system corrosion, high energy consumption, frequent 
equipment instrument damage, bad automatic control system performance, and on-line monitoring system failing to normal 
running.  
Evaluating the disposal firms handling hazardous medical waste Pan and Chen, 1997 stressed on the following criteria: container 
storage, discounts for long-term customers, and price. Fu, 1998 focused on contractor’s service capability, timely transportation, 
and standardize transportation process. Gu and Pan, 1999 considered correct invoice documentation, and advanced vehicles with 
global positioning systems for transportation as the most important factors for evaluating the waste disposal firms. Chen, 2000 in 
his study evaluated: transportation vehicles, process, and correct documentation. Yang et al., 2002 in their study included the 
following attributes for evaluating the waste disposal firms: management information system, efficiency, conformity to 
environmental protection standards, services, and specialized skills. Hsiao et al., 2004 included in their study: use of machinery, 
discounts for long-term customers, and price for comparing the various firms Hsu et al., 2008 used AHP model to find out the 
criteria for the selection of the firms and found that qualification, cooperation, and service as the most important criteria and price 
as the least important criteria to evaluate the waste disposal firms. Ho, 2011 found that quantitative methods could be very useful 
to evaluate the waste disposal firms. Ho, 2011 identified key factors which medical institutions must evaluate before selecting the 
waste disposal firms based on Swift’s five important factors and Dickson’s twenty three evaluation criteria. He found that price, 
availability, experience, dependability, and product are the main important factors which are emphasized mostly by the medical 
institutions, among which price is main factor and product is the least important. 
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3. Research methodology 
    Grey theory was discussed first time by Deng in 1982, which includes five major parts: grey prediction, grey relational analysis, 
grey decision, grey programming, and grey control (Li et al., 2006). We have used grey theory to select the best waste disposal 
firm depending upon certain criteria. Grey theory is used when only partial information is available with the decision maker, where 
linguistic variables are used to give weights to the criteria and ratings to the different alternatives, which are later on converted into 
grey numbers. Grey number is represented in numerical interval, which shows the uncertain information and is written as  G. 
According to Deng, 1989 and Li et al., 2006, Grey number can be of three types: Lower limit grey number [G, ∞); Upper limit 
grey number (∞,ܩ]; and Interval grey number [G,ܩ]. Linguistic variables can be converted into grey numbers by the 1-7 scale 
shown in Table 1 and attribute/criteria ratings  G can also be given by grey numbers by 1-7 scale shown in Table 2 (Deng, 1989; 
Li et al., 2006). 
   Table 1. Scale of attributes weights ܹٔ 
Scale ٔࢃ 
Very low (VL) [0.0,0.1] 
Low (L) [0.1,0.3] 
Medium low (ML) [0.3,0.4] 
Medium (M) [0.4,0.5] 
Medium high (MH) [0.5,0.6] 
High (H) [0.6,0.9] 
Very high (VH) [0.9,1.0] 
 
Using these scales given in Table 1 and Table 2, the decision makers used to give different weightage to all the criteria 
according to their importance and then assign the ratings to these criteria depending upon the performance of the different 
alternatives. In our study we have collected the opinion from 3 decision makers who are expert in healthcare waste disposal 
management. Three experts assign their preferences on weights to different criteria and to the different alternatives which are being 
further calculated to find out the grey possibility degree to rank all the alternatives and select the best waste disposal firm. 
     Table 2. Scale of attribute ratings ٔܩ 
Scale ٔܩ 
Very poor (VP) [0,1] 
Poor (P) [1,3] 
Medium poor (MP) [3,4] 
Fair (F) [4,5] 
Medium good (MG) [5,6] 
Good (G) [6,9] 
Very good (VG) [9,10] 
 
4. Proposed model for waste disposal firms selection  
    Here we have proposed a grey theory based model to select the best waste disposal firm out of the various alternatives available 
as shown in Fig. 1.The various steps in the model are as follow: 
Step 1. Analyze the waste disposal firm selection problem and define clearly the level of certainty in the information in order to 
define the nature of variables we are going to use: either linguistic or numerical variables.      
 
Step 2. Here experts will assign the weights to each attribute depending upon their preferences. Assume there are total j attributes 
ሺܣͳǡ ܣʹǡ ܣ͵ǡǥ ǡ ܣ݆ሻ and experts’ panel consists of k members, then the weight of jth criteria (Aj) can be calculated as  
ٔ ௝ܹ ൌ
ଵ
௞ ൣ۪ ௝ܹ
ଵ ൅ٔ ௝ܹଶ ൅ ڮ൅ٔ ௝ܹ௞൧        (1) 
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Where  ௝ܹ௞ሺ݆ ൌ ͳǡ ʹǡ ͵ǡ ǥ ǡ ݊ሻ is the criterion weight assigned by kth decision maker and can be expressed in 
terms of grey number asٔ ௝ܹ௞ ൌ ቂܹ௝௞ǡܹ௝
௞ቃ. 
 
Step 3. After assigning weights to various attributes, we will find out various waste disposal firms (F1, F2, F3…) and rate each 
firm against the defined attributes in terms of linguistic variables. The decision makers will rate these firms as per their past 
performance. The rating for ith supplier for the jth attribute can be calculated as 
ٔܩ௜௝ ൌ ͳൗ݇ ൣٔ ܩ௜௝ଵ ൅ٔ ܩ௜௝ଶ ൅ ڮ൅ٔ ܩ௜௝௞ ൧        (2) 
Where ٔܩ௜௝௞ ൌ ቂܩ௜௝௞ ǡ ܩ௜௝
௞ ቃ ǡ ሺ݅ ൌ ͳǡʹǡ͵ǡǥ Ǥ ǡ݉Ǣ ݆ ൌ ͳǡʹǡ͵ǡ ǥ Ǥ ǡ ݊ሻ is the attribute rating value of kth decision maker given in terms 
of grey number. 
 
Step 4. Calculate the grey decision matrix [X] for all waste disposal firms as shown in the following matrix 
 
ܺ ൌ
ۏ
ێ
ێ
ێ
ێ
ێ
ۍ  ܩଵଵ  ܩଵଶ ǥǥ  ܩଵ௡
 ܩଶଵ  ܩଶଶ ǥǥ  ܩଶ௡
Ǥ Ǥ Ǥ
Ǥ Ǥ Ǥ
Ǥ Ǥ Ǥ
 ܩ௠ଵ  ܩ௠ଶ ǥǥ  ܩ௠௡ےۑ
ۑ
ۑ
ۑ
ۑ
ې
        (3) 
 
 
Step 5. Compute grey possibility degree between waste disposal firms and ideal reference solution. For m number of firms 
alternatives 
ܨ ൌ ൛ܨଵǡܨଶǡ ǥ ǡ ܨ௠ൟ, the ideal referential solutionܨ௠௔௫ ൌ  ሼٔ ܩଵ௠௔௫ǡ ٔ ܩଶ௠௔௫ǡ ǥ Ǥ ǡٔ ܩ௡௠௔௫ሽ can be calculated as 
 
ܨ௠௔௫ ൌ 
൛ൣ ௠௔௫ଵஸ௜ஸ௠ ௜ܸଵǡ
௠௔௫
ଵஸ௜ஸ௠ ܸ௜ଵ൧ǡ ൣ
௠௔௫
ଵஸ௜ஸ௠ ௜ܸଶǡ
௠௔௫
ଵஸ௜ஸ௠ ܸ௜ଶ൧ǡ ǥǥ ǡ ൣ
௠௔௫
ଵஸ௜ஸ௠ ௜ܸ௡ǡ
௠௔௫
ଵஸ௜ஸ௠ ܸ௜௡൧ൟ                 (4) 
Find out the grey possibility degree between the ideal referential supplier alternative ܵ௠௔௫ and the set of suppliers 
alternativesܨ ൌ  ሼܨଵǡ ܨǡ ǥܨ௠ሽ. 
ܲሼܨ݅ ൑ ܨ௠௔௫ሽ ൌ ͳ ݊ൗ σ ܲ൛ٔ ௜ܸ௝ ൑ٔ ܩ௝௠௔௫ൟ௡௝ୀଵ                                                                               (5) 
For two grey numbers, the possibility degree of ٔܩଵ ൑ٔ ܩଶ can be expressed as follows: 
   
ܲሼٔ ܩଵ ൑ٔ ܩଶሽ ൌ ሺͲǡ ܮכ െ ݉ܽݔ ቀͲǡ ܩҧͳ െ ܩଶቁ ܮכΤ
כ
                                                                     (6) 
Where ܮכ ൌ ܮሺٔ ܩଵሻ ൅ ܮሺٔ ܩଶሻ 
 
Step 6. Rank all the waste disposal firms according to grey possibility degree value. Smaller the value better will be the ranking 
of that supplier.  
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5. Application of proposed model in Indian hospital 
    The model presented in Fig. 1 has been applied to select the best healthcare waste disposal firm in an Indian hospital. Here, we 
have selected the final four healthcare waste disposal firms, which are being evaluated using proposed model. We have conducted 
the interviews of hospital authorities, who are used to handle the waste management practices, evaluate, and select the firm for 
outsourcing. As per the attributes the hospital operations managers have given their preferences in-terms of linguistic variables.   
 
Step 1. Since medical waste disposal is very risky process, as it involves the collection, transportation, and disposal of the hazardous 
waste. Hence, it becomes very important for the hospital authority to outsource the process very carefully.   
 
Step 2. From the literature studied and the consultation of hospital waste management authority, we have taken following four 
attributes for our study to evaluate the waste disposal firms: 
i) Price (A1) 
ii)  Experience and qualification (A2) 
iii)  Equipment and technology (A3) 
iv) Service capability (A4) 
A panel of three experts (E1, E2, and E3) from the healthcare waste disposal field has been formed to assign the weightage to 
all the attributes according to their preferences. Experts have given their preferences in terms of linguistic variables which are being 
converted into grey numbers latter on by a 1-7 scale ranging from 0-1 as highlighted in the Table 1 and as per equation (1) the 
values of attribute weights has been calculated as shown in the following Table 3. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Proposed model for waste disposal firm selection. 
Define the waste disposal firm selection problem 
Define the attributes (A1, A2, A3…) and assign their weights 
(W1, W2, W3…) 
Find out various waste disposal firms (F1, F2, F3…) and rate 
each firm against the defined attributes ሺٔܩ݆݅ሻ 
Calculate grey decision matrix [X] 
Compute grey possibility degree between waste disposal 
firms and ideal reference solution 
Rank the various waste disposal firms as per the grey 
possibility degree 
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   Table 3. Criteria weights 
Aj E1 E2 E3 ٔࢃ࢐ 
A1 VH H VH [0.80,0.97] 
A2 H M H [0.53,0.77] 
A3 H M MH [0.50,0.67] 
A4 MH H H [0.57,0.80] 
 
 
Step 3. Here, we have four waste disposal firms which we need to rank according to their performance and select the best firm. 
Then again, the committee of three decision makers assigns the attributes rating values for all the four waste disposal firms in terms 
of linguistic variables, which are converted into grey number by 1-7 scale. According to equation (2), we have calculated the results 
of attribute rating values and are shown in the following Table 4. 
  Table 4. Ratings of waste disposal firms for different attributes 
Attribute (Aj) Fi E1 E2 E3 ٔܩ௜௝ 
i) Price (A1)      
A1 
F1 VG G VG [8.0,9.7] 
F2 G G VG [7.0,9.3] 
F3 F MG G [5.0,6.7] 
F4 MG G VG [6.7,8.3] 
ii) Experience and qualification (A2)      
A2 
F1 MG VG G [6.7,8.3] 
F2 G F MG [5.0,6.7] 
F3 MP MG F [4.0,5.0] 
F4 G MG G [5.7,8.0] 
iii) Equipment and technology (A3)      
A3 
F1 G VG MG [6.7,8.3] 
F2 VG G VG [8.0,9.7] 
F3 MG G MG [5.3,7.0] 
F4 G MG G [5.7,8.0] 
iv) Service capability (A4)      
A4 
F1 MP F F [3.7,4.7] 
F2 G VG G [7.0,8.0] 
F3 VG MG G [6.7,8.3] 
F4 MP F MG [4.0,5.0] 
 
 
From equation (3), we have found the following grey decision table for all the four waste disposal firms as shown in Table 5.  
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Table 5. Grey Decision Table 
Fi A1 A2 A3 A4 
F1 [8.0,9.7] [6.7,8.3] [6.7,8.3] [3.7,4.7] 
F2 [7.0,9.3] [5.0,6.7] [8.0,9.7] [7.0,8.0] 
F3 [5.0,6.7] [4.0,5.0] [5.3,7.0] [6.7,8.3] 
F4 [6.7,8.3] [5.7,8.0] [5.7,8.0] [4.0,5.0] 
 
Now to calculate the normalized grey decision matrix, we need to define the cost attributes and benefit attributes. To get the 
normalized values of benefit attributes apply equation (7) as shown below: 
ٔܩ௜௝כ ൌ ൤
ீ೔ೕ
ீೕ
೘ೌೣ ǡ
ீ೔ೕ
ீೕ
೘ೌೣ൨                                                                                                                (7) 
ܩ௝௠௔௫ ൌ  ͳ ൑ ݅ ൑ ݉൛ܩ௜௝ൟ;                  (8) 
For cost attribute, the normalized values can be calculated as 
ٔܩ௜௝כ ൌ ൤
ீೕ
೘೔೙
ீ೔ೕ
ǡ ீೕ
೘೔೙
ீ೔ೕ
൨                                                                                                                         (9) 
ܩ௝௠௜௡ ൌ  ͳ ൑ ݅ ൑ ݉൛ܩ௜௝ൟ                     (10)           
 
To calculate the normalized grey decision matrix, we need to define the cost attribute and benefit attributes. In our present study 
to evaluate the waste disposal firms we have only one cost attribute (Price, A1) and rest three are benefit attributes. Now by applying 
equation (7) for benefit attributes and equation (9) for cost attributes, we can find the normalized grey decision matrix as following 
shown in Table 6: 
 
    Table 6. Normalized grey decision table 
Fi A1 A2 A3 A4 
F1 [0.516,0.625] [0.81,1] [0.69,0.86] [0.45,0.57] 
F2 [0.538,0.714] [0.60,0.81] [0.83,1] [0.84,0.96] 
F3 [0.746,1] [0.48,0.60] [0.55,0.72] [0.81,1] 
F4 [0.602,0.746] [0.69,0.96] [0.59,0.83] [0.48,0.60] 
 
Now to find out the weighted normalized grey decision matrix, multiply the criteria weights table with the 
normalized grey decision table as shown in the equation (11) below: 
ܺ ככൌ
ۏ
ێ
ێ
ێ
ۍ  ଵܸଵ  ଵܸଶ ڮ  ଵܸ௡
 ଶܸଵ  ଶܸଶ ڮ  ଶܸ௡
ڭ ڭ ڰ ڭ
 ௠ܸଵ  ௠ܸଶ ڮ  ௠ܸ௡ےۑ
ۑ
ۑ
ې
                                                                                         (11) 
Where ٔ ௜ܸ௝ ൌٔ ܩ௜௝כ כٔ ௝ܹ 
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    Table 7. Grey weighted normalized decision table 
Fi A1 A2 A3 A4 
F1 [0.413,0.606] [0.648,0.97] [0.552,0.834] [0.36,0.553] 
F2 [0.285,0.55] [0.318,0.624] [0.439,0.77] [0.445,0.739] 
F3 [0.373,0.67] [0.24,0.402] [0.275,0.48] [0.405,0.67] 
F4 [0.343,0.597] [0.393,0.768] [0.336,0.664] [0.274,0.48] 
 
 
Step 5. According to the equation (4), ideal supplier Fmax a referential alternative is calculated as follows: 
ܨ௠௔௫ ൌ ሼሾͲǤͶͳ͵ǡ ͲǤ͸͹ሿǡ ሾͲǤ͸Ͷͺǡ ͲǤͻ͹ሿǡ ሾͲǤͷͷʹǡ ͲǤͺ͵Ͷሿǡ ሾͲǤͶͶͷǡ ͲǤ͹͵ͻሿሽ                                                      (12) 
According equation (6), the grey possibility degree between the four set of alternative firms ሺܨ௜ ൌ ܨଵǡ ܨଶǡ ܨଷǡ ܨସሻ 
and the ideal referential supplier alternative Fmax   can be calculated as follows:  
ܲሾܨଵ ൑ ܨ௠௔௫ሿ ൌ ͳȀͶሾܲሼሾǤ Ͷͳ͵ǡ Ǥ͸Ͳ͸ሿ ൑ ሾǤ Ͷͳ͵ǡ Ǥ͸͹ሿሽ ൅ ܲሼሾǤ ͸Ͷͺǡ Ǥͻ͹ሿ ൑ ሾǤ ͸Ͷͺǡ Ǥͻ͹ሿሽ ൅ ܲሼሾǤ Ǥͷͷʹǡ Ǥͺ͵Ͷሿ ൑
ሾǤ Ǥͷͷʹǡ Ǥͺ͵Ͷሿሽ ൅ ܲሼሾǤ ͵͸ǡ Ǥͷͷ͵ሿ ൑ ሾǤ ͶͶͷǡ Ǥ͹͵ͻሿሽሿ                                                      (13) 
ൌ ͳ Ͷൗ ቂ
୫ୟ୶ሺ଴ǡǤସହି୫ୟ୶ሺ଴ǡǤଵଽଷሻ
Ǥସହ ൅
୫ୟ୶ሺ଴ǡǤ଺ସସି୫ୟ୶ሺ଴ǡǤଷଶଶሻ
Ǥ଺ସସ ൅
୫ୟ୶ሺ଴ǡǤହ଺ସି୫ୟ୶ሺ଴ǡିǤଶ଼ଶሻ
Ǥହ଺ସ ൅
୫ୟ୶ሺ଴ǡǤସ଼଻ି୫ୟ୶ሺ଴ǡିǤଵ଴଼ሻ
Ǥସ଼଻  (14) 
ൌ ͳ Ͷൗ ሾǤ ͷ͹ ൅ Ǥͷ ൅ Ǥͷ ൅ Ǥ͹͹ͺሿ          (15) 
ܲሾܨଵ ൑ ܨ௠௔௫ሿ ൌ ͲǤͷͺ͹                                                        (16) 
ܲሾܨଶ ൑ ܨ௠௔௫ሿ ൌ ͳȀͶሾܲሼሾǤ ʹͺͷǡ Ǥͷͷሿ ൑ ሾǤ Ͷͳ͵ǡ Ǥ͸͹ሿሽ ൅ ܲሼሾǤ ͵ͳͺǡ Ǥ͸ʹͶሿ ൑ ሾǤ ͸Ͷͺǡ Ǥͻ͹ሿሽ ൅ ܲሼሾǤ Ͷ͵ͻǡ Ǥ͹͹ሿ ൑
ሾǤ ͷͷʹǡ Ǥͺ͵Ͷሿሽ ൅ ܲሼሾǤ ͶͶͷǡ Ǥ͹͵ͻሿ ൑ ሾǤ ͶͶͷǡ Ǥ͹͵ͻሿሽሿ                                                   (17) 
ൌ ͳ Ͷൗ ቂ
୫ୟ୶ሺ଴ǡǤହଶଶି୫ୟ୶ሺ଴ǡǤଵଷ଻ሻ
Ǥହଶଶ ൅
୫ୟ୶ሺ଴ǡǤ଺ଶ଼ି୫ୟ୶ሺ଴ǡି଴Ǥ଴ଶସሻ
Ǥ଺ଶ଼ ൅
୫ୟ୶ሺ଴ǡǤ଺ଵଷି୫ୟ୶ሺ଴ǡǤଶଵ଼ሻ
Ǥ଺ଵଷ ൅
୫ୟ୶ሺ଴ǡǤହ଼଼ି୫ୟ୶ሺ଴ǡǤଶଽସሻ
Ǥହ଼଼   (18) 
ൌ ͳ Ͷൗ ሾǤ ͹Ͷ ൅ ͳ ൅ Ǥ͸Ͷ ൅ Ǥͷሿ          (19) 
ܲሾܨଶ ൑ ܨ௠௔௫ሿ ൌ ͲǤ͹ʹ                (20) 
 
 ܲሾܨଷ ൑ ܨ௠௔௫ሿ ൌ ͳȀͶሾܲሼሾǤ ͵͹͵ǡ Ǥ͸͹ሿ ൑ ሾǤ Ͷͳ͵ǡ Ǥ͸͹ሿሽ ൅ ܲሼሾǤ ʹͶǡ ǤͶͲʹሿ ൑ ሾǤ ͸Ͷͺǡ Ǥͻ͹ሿሽ ൅ ܲሼሾǤ ʹ͹ͷǡ ǤͶͺሿ ൑
ሾǤ ͷͷʹǡ Ǥͺ͵Ͷሿሽ ൅ ܲሼሾǤ ͶͲͷǡ Ǥ͸͹ሿ ൑ ሾǤ ͶͶͷǡ Ǥ͹͵ͻሿሽሿ                                                                                            (21) 
ൌ ͳ Ͷൗ ቂ
୫ୟ୶ሺ଴ǡǤହହସି୫ୟ୶ሺ଴ǡǤଶହ଻ሻ
Ǥହହସ ൅
୫ୟ୶ሺ଴ǡǤସ଼ସି୫ୟ୶ሺ଴ǡǤଶସ଺ሻ
Ǥସ଼ସ ൅
୫ୟ୶ሺ଴ǡǤସଽଽି୫ୟ୶ሺ଴ǡǤ଴଻ଶሻ
Ǥସଽଽ ൅
୫ୟ୶ሺ଴ǡǤହହଽି୫ୟ୶ሺ଴ǡǤଶଶହሻ
Ǥହହଽ                        (22) 
ൌ ͳ Ͷൗ ሾǤ ͷ͵ ൅ ǤͶͻ ൅ Ǥͺ͸ ൅ Ǥ͸ሿ                 (23) 
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ܲሾܨଷ ൑ ܨ௠௔௫ሿ ൌ ͲǤ͸ʹ                                                (24) 
ܲሾܨସ ൑ ܨ௠௔௫ሿ ൌ ͳȀͶሾܲሼሾǤ ͵Ͷ͵ǡ Ǥͷͻ͹ሿ ൑ ሾǤ Ͷͳ͵ǡ Ǥ͸͹ሿሽ ൅ ܲሼሾǤ ͵ͻ͵ǡ Ǥ͹͸ͺሿ ൑ ሾǤ ͸Ͷͺǡ Ǥͻ͹ሿሽ ൅ ܲሼሾǤ ͵͵͸ǡ Ǥ͸͸Ͷሿ ൑
ሾǤ ͷͷʹǡ Ǥͺ͵Ͷሿሽ ൅ ܲሼሾǤ ʹ͹Ͷǡ ǤͶͺሿ ൑ ሾǤ ͶͶͷǡ Ǥ͹͵ͻሿሽሿ                                                       (25) 
ൌ ͳ Ͷൗ ቂ
୫ୟ୶ሺ଴ǡǤହଵଵି୫ୟ୶ሺ଴ǡǤଵ଼ସሻ
Ǥହଵଵ ൅
୫ୟ୶ሺ଴ǡǤ଺ଽ଻ି୫ୟ୶ሺ଴ǡǤଵଶሻ
Ǥ଺ଽ଻ ൅
୫ୟ୶ሺ଴ǡǤ଺ଵି୫ୟ୶ሺ଴ǡǤ଴ଵଶሻ
Ǥ଺ଵ ൅
୫ୟ୶ሺ଴ǡǤହି୫ୟ୶ሺ଴ǡǤ଴ଷହሻ
Ǥହ          (26) 
ൌ ͳ Ͷൗ ሾǤ ͸Ͷ ൅ Ǥͺ͵ ൅ Ǥͻͺ ൅ Ǥͻ͵ሿ                 (27) 
ܲሾܨସ ൑ ܨ௠௔௫ሿ ൌ ͲǤͺͶͷ                            (28) 
6. Results and conclusion 
    The grey possibility degree values for all the four waste disposal firms are: 
 
     Table 7. Grey possibility degree results 
ܲሾܨଵ ൑ ܨ௠௔௫ሿ ൌ ͲǤͷͺ͹                                ܲሾܨଶ ൑ ܨ௠௔௫ሿ ൌ ͲǤ͹ʹ       
ܲሾܨଷ ൑ ܨ௠௔௫ሿ ൌ ͲǤ͸ʹ                           ܲሾܨସ ൑ ܨ௠௔௫ሿ ൌ ͲǤͺͶͷ    
 
Smaller the value of grey possibility degree better will be the ranking of the firms. So, as per the score the 
ranking of all four firms are given as below: 
ܨଵ ൐ ܨଷ ൐ ܨଶ ൐ ܨସ                                   (29)
  
So, we can infer that ܨଵ is the best waste disposal firm out of the various alternatives available and ܨଷ is the next best option. 
Hence, grey theory has solved the problem of multiple-attribute decision making for the selection of best waste disposal firm under 
uncertain information. The grey theory model has universal significance in supplier selection problems under insufficient 
information and includes the evaluation indicators, both quantitative and qualitative environment.  
This paper proposed the model based on grey theory for the multiple-attribute decision making and has been applied for the 
selection of best medical waste disposal firm. This model is very useful for the healthcare organizations to make the decisions 
about choosing the strategic partner under uncertain conditions and insufficient information. 
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